We investigate the feasibility of negative photoresist as a structural material in metal-organic hybrid THz imaging detectors using SU-8. We will discuss design of metamaterials for MEMS-based terahertz (THz) thermal sensors and design and microfabrication process for building SU8-based MEMS THz focal plane arrays. Metamaterials of this kind, exhibiting absorption properties comparable to those of resonant metamaterials made using traditional thin films, coupled with the applicability of SU-8 as a structural material, offer possibilities for quick, simple microfabrication of focal plane arrays of THz imaging detectors. SU-8 is a low-cost material that can quickly be spun onto a substrate at a wide range of thicknesses and photolithographically patterned into a variety of structures. This removes the need for both PECVD deposition and plasma etching, dramatically increasing the speed and lowering the cost of production of such FPAs. We further investigate feasibility of use of such detectors as band translators rather than traditional bimaterial devices. Translators would be optically probed with an infrared (IR) camera. Individual pixels would absorb THz radiation, heat up and the thermal image would be projected onto an infrared camera, effectively translating the image from THz into IR.
INTRODUCTION
THz imaging has gained a lot of momentum in the recent years. It owes that to its special properties of being nonionizing and at the same time being able to penetrate through nonmetallic and nonpolar materials such as cardboard, various textiles and styrofoam. This makes THz radiation attractive for many applications including medical diagnostic imaging [1] , food inspection [2] , security screening [3, 4] and remote sensing [5] . THz imaging systems, therefore, provide the ability to "see through" while not harming the object or tissue being interrogated. Low photon energy demands very sensitive detectors and, in most of the cases, external illumination is needed for imaging. Recent advances in quantum cascade lasers (QCL) make them preferable illumination source for THz imaging [6, 7] . Historically, the use of THz radiation has been impeded by the lack of sufficiently strong sources and sufficiently sensitive detectors.
Our group has demonstrated real-time THz imaging, using conventional, infrared (IR) microbolometer-based imagers optimized for wavelengths (8) (9) (10) (11) (12) μm) coupled with a quantum cascade laser (QCL) as an illumination source [6] . Another THz imaging approach is the use of microelectromechanical systems (MEMS) based bi-material detectors [8] [9] [10] [11] [12] fabricated with THz sensitive materials. A typical bi-material detector [12] consists of a sensing structure responsible for converting incoming radiation to heat. Sensing structure is thermally insulated from the host substrate (heat sink) by supporting structures of lower thermal conductance. Figure 1 (a) and (b) show schematic diagrams of one design of bimaterial sensor fabricated by our research group [9, 10] . The bi-material legs undergo deformation [13] due to the temperature increase upon absorption of incident radiation by the absorber. The optically-probed bi-material detectors of such design allow for using simple photolithographic process using as few as 4 photolithographic masks. These imaging arrays have been extensively investigated and reported elsewhere [12] . The main issues that need to be addressed when building focal plane arrays of deformable mirrors are the effects of residual stress and array uniformity. In this paper, we propose a detector design, which takes advantage of the same, streamlined microfabrication process. However no bi-material cantilevers are required and the readout is much simpler than that used for bimaterial sensors. It uses a commercial off-the-shelf IR camera, which images the surface temperature across the focal plane array, rather than the deformation of individual pixels. This way, the THz focal plane array (FPA) effectively "translates" the THz image into an IR image viewed by the IR camera.
CONCEPT
Nearly perfect terahertz absorption, optimized to a particular monochromatic QCL source, can be achieved using metaldielectric metamaterials [14, 15] and metal-organic [16] . In this approach, the image of the target is formed on the focal plane array where the temperature increase on individual pixels in the array is proportional to the amount of incoming THz radiation. If the amount of temperature variation of each detector is plotted on a screen, a THz image can be formed. This can be achieved in several ways such as optical probing of detector mechanical deformation [12, 17] , change in detector resistance [18] , and change in detector capacitance [19] . We propose using an IR camera.
As reported in previous work, one of the important design parameters for optically probed, metal-oxide bimaterial micromechanical detectors is the use of materials with highly discrepant coefficients of thermal expansion [10, 12, 17] . This otherwise desirable property increases the structural residual stress when coupled with a wide range of temperatures that the sample undergoes during thin film deposition for surface micromachining. Due to the nature and configuration of the device, the residual stress causes it to be intrinsically bent, impinging serious difficulties to the readout. On the other hand, organic materials, such as SU-8 negative photoresist have been widely used as a structural material in MEMS [20] [21] [22] and its properties as a metamaterial in the THz range have been explored [16] . It exhibits several favorable characteristics, the most important of which is the ability for rapid deposition and patterning through photolithography, completely eliminating the need for etching and consequently reducing the intrinsic stress. However, low Young's modulus would mean that its deformation due to bimetallic effect would be difficult to achieve.
The proposed translator concept assumes a simple, device, suspended as a four-legged bridge as shown in Figure 2 . It consists of an absorber, identical to that of the device shown in Figure 1 , suspended by four thermally insulating legs. When THz radiation is absorbed by the absorber, it is converted into heat [20] . Spectral response, thermal time constant and sensitivity are controlled by the geometry. Then, the surface temperature map of the suspended devices array translates into an IR image of the THz scene. Several issues are potentially solved using this configuration. There is much less intrinsic stress due to the fact that there are no bimaterial legs in this design and the existing stress is manifested less as out-of-plane deformation, due to the fact that each detector element is symmetrically suspended by four legs. Additionally since the dielectric layer is "sandwiched" by metallic layers of the same thickness and the surface filling factor differs by less than 15%, the metamaterial absorber is relatively flat. There is no need for optical readout configuration or readout electronics and, if photolithographically patterned materials are used for structure, several microfabrication steps are removed from the process. Finally, the issue of thermomechanical noise [17] is eliminated both because the transduction is not based on detector out-of-plane deformation, the resonant frequency is much higher and the device does not undergo significant deformation when temperature is increased. The idea for this design is to eventually be able to produce a simple, screw-on attachment to the regular IR cameras, which at this point could be purchased for hundreds of dollars, effectively turning any IR camera into a THz camera, tuned to the illumination source.
DESIGN AND FABRICATION
The most important characteristics of thermal THz sensors are responsivity and speed of operation. In case of thermal translators, the responsivity of a sensor can be defined as the amount of temperature increase per unit incident power, dT/dP (= η/G) and speed of operation is defined by the thermal time constant τ (= C/G). In thermal bi-material detectors, sensitivity and speed are controlled by heat capacitance (C), thermal conductance (G), efficiency (η), which is the absorbed fraction of the incident power. While η is a characteristic of the sensitive element (~100% in the case of our metamaterial films), C and G are intrinsic characteristics of the constituent materials and detector geometry respectively.
Initially we fabricated metal-dielectric metamaterials using standard MEMS materials (aluminum and silicon dioxide)., for metamaterial absorbers operating in THz range [16] followed by building metal-organic hybrid thermal translators A highly efficient ultra-thin metamaterial structure was developed with low thermal capacitance and high absorption at the frequency tunable to that of a THz illumination source Fig. 3b ), while simultaneously serving as a structural layer for sensors and providing access for external optical readout. We have used the finite element model to simulate the metamaterial (Figure 3a ) and have obtained good agreement between the theoretical predictions and experimental measurements (Figure 3b ). We have also demonstrated the ability to control the resonant frequency using the dimensions of patterned squares. (Fig. 3b) of both metal nit power for t ulated to be 3.
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